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Abstract. The use of flocculant cells of the yeast strain 
SchizosaFcharomyces pombe for the deacidification f 
grape musts in continuous culture was developed. An 
external oop reactor was used to induce flocculation. 
The flocs obtained were stable in the pH range 3.0-6.0 
and in the presence of several sugars. Some inhibition 
was observed for high (above 6.0) and low (below 3.0) 
pH values. Once induced, flocculation could no longer 
be completely inhibited. Vinho Verde, a typical Portu- 
guese wine, has a relatively low ethanol content and a 
high acid concentration. The external loop reactor 
loaded with the flocculant cells was used to deacidify a 
synthetic medium with sugar and malic acid concentra- 
tions similar to the ones found in Vinho Verde grape 
must. A desirable malic acid decrease with moderate 
glucose consumption was obtained at a dilution rate of 
0.7 h-1.  Improved results were obtained when the syn- 
thetic medium was replaced by Vinho Verde grape 
must. 
Introduction 
Vinho Verde wines are typical Portuguese wines charac- 
terized by a relatively low alcohol content and a high 
malic acid concentration (varying from 6 to 12 g/l). A 
partial reduction in the malic acid content, viz. to 4 g/l, 
is considered beneficial, as it decreases the acidity of the 
wine, preserving at the same time its typical flavour and 
taste. 
The use of the yeast Schizosaccharomyces pombe for 
deacidification of high acidity grape musts has been 
studied by several researchers. Pure or mixed fermenta- 
tions with Saccharomyces cerevisiae hav  been proposed 
(Ethiraj et al. 1983; Yang 1973). Sequential fermenta- 
tion using initially Schizosaccharomyces pombe fol- 
lowed by Saccharomyces cerevisiae hav  also been stud- 
ied (Ethiraj et al. 1983; Gallander 1977). Better results 
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were obtained when Schizosaccharomyces pombe cells 
were removed before inoculation with Saccharomyces 
cerevisiae (Snow and Gallander 1979). However, most 
proposed processes have been of the batch type. Magyar 
and Panyk (1989) proposed the utilization of Ca-algi- 
nate entrapped cells both in batch and continuous cul- 
ture. Ca-alginate was not, however, a good entrapment 
agent for the deacidification of musts, since the high 
sugar concentration led to cell growth with consequent 
gel destruction. The aforementioned authors proposed 
that the deacidification should be done on the wine rath- 
er than on the must. However, the ethanol concentra- 
tions present in the wine greatly reduce both malic acid 
degradation and cell viability, making the deacidifica- 
tion process difficult to control (Sousa et al. 1991). 
Continuous culture is more productiv e than batch 
growth (Pirt 1985), especially when a high-density cell 
culture is used (Mehaia and Cheryan 1984; Mota et al. 
1987). One of the simplest ways of obtaining high-densi- 
ty cell cultures is through the use of flocculant cells. 
Flocculation enables high cell densities to be obtained in 
a continuous bioreactor without he use of any inert car- 
rier or entrapment agent, taking advantage of the natu- 
ral sedimentation capacity of the cells. It is therefore a
low-cost process. Furthermore, no strange substances, 
which could alter the product, are introduced into the 
system, and no drastic conditions must be applied for 
immobilization of the ceils. These features can be effec- 
tively used in food processing. 
The induction of flocculation ability in a strain of 
Schizosaccharomyces pombe, using the medium of 
Hsiao et al. (1983) and an external loop reactor is de- 
scribed in this work (Mota and Teixeira 1990). The per- 
formance of the bioreactor in the deacidification of a 
synthetic medium or grape must was studied. 
Materials and methods 
Yeast strain. S. pombe SG2 was isolated by the Institut Coop6ratif 
du Vin of Montpellier and was kindly provided by Prof. Pierre 
Strehaiano (IGC, Toulouse, France). 
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Fig. 1. Schematic representation f the external loop reactor 
Induction of flocculation in batch culture. The procedure de- 
scribed by Hsiao et al. (1983) was adopted to attempt the induc- 
tion of flocculation i  batch culture. 
Induction of flocculation in continuous culture. S. pombe cells 
were pre-cultured for 48 h in an erlenmeyer flask, and then trans- 
ferred to an external loop reactor (Fig. 1). The medium used for 
the inoculum and for continuous culture, contained in tap water: 
3 g 1-1 of malt extract, 3 g 1-1 of yeast extract, 5 g 1-1 of Bacto- 
peptone and 50 g 1-1 of glucose. For the continuous culture, me- 
dium was fed to the reactor at a dilution rate of 0.1 h -  1. The dilu- 
tion rate was calculated as the volume of medium fed to the reac- 
tor per hour per volume of the reactor. Temperature was kept at 
30 ° C, and aeration at 0.09 vvm (volume of air per volume of fer- 
mentor per minute; 11 - 1 min- ~). 
Measurement of flocculation ability. The flocculation ability of 
the induced strain was assayed using a modification of the Helm 
sedimentation test (Stewart 1975). After being washed three times 
with ultrapure water, cells were suspended in a 4 mM CaC12 solu- 
tion adjusted to pH 4.0 with HC1. The suspension was then placed 
in a 25-ml cylinder and inverted four times for homogenization. 
At defined intervals, samples were taken from a fixed position 
(level corresponding to 20 ml), and the biomass concentration was 
measured spectrophotometrically t 620 nm. From the biomass 
concentrations obtained the proportion of cells (in %) remaining 
in suspension at each defined time was calculated and the sedi- 
mentation profile was plotted. The pH values were recorded at the 
beginning and at the nd of the sedimentation test. The pH varia- 
tion was never higher than 0.2. For the pH studies the 4 mM CaC12 
solution was replaced by buffer solutions containing 4 mM CaC12: 
pH 2.2 and 3.0, glycine/HC1 buffer; pH 4.0 and 6.0, succinic 
acid/NaOH buffer: pH 8.0, TRIS/HC1 buffer. 
Deacidification assays. These studies were done in the reactor de- 
scribed above. The medium used for the assays contained in tap 
water: 4g1-1 of yeast extract, 5 g1-1 of KHzPO4, 0.4g1-1 of 
MgSO4-7HzO, 130 g 1-1 of glucose and 9 g 1-~ of L(-)malic acid. 
Five dilution rates were studied: 0.1, 0.26, 0.5, 0.7 and 1.0h -1. 
The temperature was kept at 30°C and the aeration rate at 
0.005 vvm. An assay using Vinho Verde grape must was also per- 
formed, at a dilution rate of 0.7 h-  1. The reducing sugar concen- 
tration in the must was 140 g 1-1, and the L(--)malic acid concen- 
tration was 8.5 g 1-1. 
Sample analysis. The biomass dry weight was determined by filter- 
ing 10 ml of sample through a 0.45-gm Millipore membrane and 
drying it at 100°C until constant weight. Glucose concentrations 
were determined by the 3,5-dinitrosalicylic acid method (Chaplin 
1986). Malic acid concentration was determined by an enzymatic 
assay using malate dehydrogenase (Amerine and Ough 1974). 
Ethanol concentration was determined by gas chromatography 
(model 5894 Hewlett Packard with a flame ionization detector) 
using isopropanol as internal standard. 
Resul ts  and d iscuss ion 
Induction o f  flocculation 
Unlike the case described by Hsiao et al. (1983) floccula- 
t ion could not be induced in a batch culture for the 
strain used in this work. The aggregates obtained by this 
process were only visible microscopically, and they were 
not able to settle down in the growth medium. Also 
Helm's sedimentation test was negative (Fig. 2). Howev- 
er, when cells were cultivated in an external loop reactor 
flocs became rapidly visible. Twenty-four hours after 
the start of the cont inuous culture, most of the cells 
were already clumped in aggregates that could be seen 
macroscopically. The aggregate size kept on increasing 
and by the fifth day the big flocs that had been formed 
showed a high sedimentation rate (Fig. 2). The floc size 
stabilized thereafter. The biomass concentrat ion i the 
reactor increased from 2.0 to 39 g/1 between the second 
and fifth days. 
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Fig. 2. Sedimentation profiles of cells grown in batch (O) and con- 
tinuous culture ((3) 
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Stability and inhibition offlocculation 
To investigate the stability of the flocs, we did some 
sedimentation tests under various conditions. The in- 
fluence of pH, L(')malic acid (5 g/l) and several sugars 
(50 g/l) were studied. Figure 3 represents he fraction of 
settled cells after 10 min sedimentation at different pH 
values. Flocculation was not significantly affected in the 
pH range 3.0-6.0. At pH values out of that range the 
flocculation was affected; a decrease in the settling rate 
was observed, which was more pronounced for low than 
for high values of pH. However, even for pH 2.2, more 
than 50°70 of the cells had settled own in 10 min. Sedi- 
mentation tests in the presence of glucose, galactose, 
fructose, mannose and L(--)malic acid were also per- 
formed. Fructose, mannose and L(--)malic acid did not 
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Fig. 3. Percentage of sedimented cells after a 10-min settling pe- 
riod in sedimentation tests at different pH values 
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Fig. 4. Sedimentation profiles of cells grown in continuous culture 
in the presence of." ©, water (control); D, glucose, 50 g 1-1; A, ga- 
lactose, 50 g 1-1; O, Ca 2÷ , 4 mM; n,  glucose, 50 g 1-1 plus Ca 2+ ,
4 mM; • ,  galactose, 50 g 1-1 plus Ca 2+, 4 mM 
affect flocculation. Galactose inhibited the calcium-pro- 
moted flocculation. Glucose had a similar but less pro- 
nounced effect han galactose (Fig. 4). Total inhibition 
of flocculation was never observed, even under such 
drastic conditions as 15 g/1 of NaC1, pH 2.0 or 200 mM 
ethylenediaminetetraacetate (EDTA). 
Identification of floceulation type 
Johnson et al. (1988) established an experimental proce- 
dure to distinguish sexual from asexual f occulation. Ac- 
cording to these authors the asexual flocculation of S. 
pombe cells is mediated by calcium ions and inhibited by 
50°7o (w/v) galactose and by 10 mM EDTA. On the other 
hand, sexual flocculation is independent of Ca 2+ ions 
and is not inhibited by the former substances. As our 
strain is homothallic, both hypotheses could be consid- 
ered. The application of the foregoing criterion was un- 
fortunately not conclusive. Indeed, although flocs re- 
mained in the presence of 50% (w/v) galactose or 
10mM EDTA, suggesting sexual flocculation, an in- 
crease in flocculation was also btained in the presence 
of calcium, showing some dependence on this ion. 
Deacidification 
After the induction of stable flocs, a medium containing 
9 g 1-1 of L(--)malic acid and 130 g 1-1 of glucose was 
fed to the reactor. In order to find the dilution rate that 
would give the desired malic acid decrease with mini- 
mum glucose consumption, five different dilution rates 
were tested starting with the lowest value (0.1 h-l) .  
After a stationary period, during which samples were 
collected and analysed, the dilution rate was increased 
to the next chosen value. Reduced glucose consumption 
is desirable since the ethanol yields found with this yeast 
strain are lower than those reported for Saccharomyces 
cerevisiae (Dittrich 1963). Furthermore, a high glucose 
consumption would compromise the traditional ethanol 
fermentation subsequent to deacidification. Data in Ta- 
ble 1 represent the average values obtained for each dilu- 
tion rate. Deacidification was almost complete for the 
lower dilution rates (0.1, 0.26 and 0.5 h -1) but glucose 
consumption was too high. At a dilution rate of 
0.7 h-1, a desirable malic acid depletion was obtained 
with moderate glucose consumption. 
As shown in Fig. 5 the final glucose concentration in-
creased linearly with the dilution rate. For a dilution 
rate of 1.0h -1 wash-out was observed. The dilution 
rate had no significant effect on the ethanol yield. Since 
this yield is strongly dependent on the aeration rate 
(Sousa et al. 1991), a very low aeration rate was used 
(0.005 vvm). The yield thus obtained was very close to 
the highest yield found in a batch culture with the same 
medium. In the stationary phase the dilution rate had 
also no significant effect on the cell retention capacity of 
the reactor (expressed as the ratio of biomass concentra- 
tion in the reactor to biomass concentration i  the ef- 
fluent). This value remained almost constant (approxi- 
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Table 1. Stationary state values obtained fordifferent dilution rates 
Dilution Medium Biomass ~ Reducing 
rate (g/l) sugars 
(h - x) (g/l) 
Malic Ethanol Biomass YE 
acid (g/l) effluent b (%) 
(g/l) (g/l) 
O. 1 Synthetic 50.0 6.1 
0.26 Synthetic 34.6 31 
0.5 Synthetic 17.1 66 
0.7 Synthetic 12.3 102 
0.7 Must 12.7 112 
1.0 Synthetic ° --  -- 
0.20 57 3.0 46 
O. 14 43 2.1 43.4 
0.64 28 1.1 43.8 
2.4 12.3 0.9 43.9 
2.3 12.7 0.17 45.4 
YE, mass of ethanol produced per mass of glucose consumed x 100
(g g - 2) 
Biomass dry weight in the reactor 
b Biomass dry weight in the effluent 
c Wash-out conditions 
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Fig. 5. Glucose concentration in the reactor t different dilution 
rates 
mately 16) for the lowest dilution rates, decreasing 
slightly (to 14) for the highest dilution rate 0.7 h - t .  
An assay performed with Vinho Verde must both 
confirmed and improved the results previously obtained 
with synthetic medium: 
1. The malic acid conversion and sugar consumption 
observed were the same as before. 
2. Slightly better results were obtained for the ethanol 
Yield. 
3. The cell concentration i the effluent decreased sig- 
nificantly. 
With grape must, bigger flocs were obtained than 
when synthetic medium was used, which favoured cell 
retention in the reactor (cell retention capacity increased 
to 75). This accomplishment represents two additional 
advantages. On the one hand, less cells are released to 
the medium, thereby preventing a further proliferation 
of Schizosaccharomyces pombe during the ethanol fer- 
mentation stage. On the other hand, as cells are retained 
in the reactor the overall productivity increases. 
Previously we concluded that a deacidification pro- 
cess with S. pombe shoflld be conducted in must, before 
the implementation of traditional alcoholic fermenta- 
tion (Sousa et al. 1991). In this work we have been suc- 
cessful in inducing the appearance of stable flocs of this 
yeast, having used them in a continuous deacidification 
process of synthetic medium. Good malic acid reduction 
with moderate glucose consumption can be obtained in 
this way. This system proved to give even better results 
when working with grape must. The must had an instan- 
taneous effect on the flocculation efficiency of the cells. 
Cells flocculated better probably due to one of the fol- 
lowing reasons: either the high ionic strength of the syn- 
thetic medium inhibited flocculation, or unidentified 
components present in the must favoured flocculation. 
Since the final malic acid content in the treated must 
was too low, two alternative procedures may be chosen 
to control the final malic acid content of the wine: (a) 
taking advantage of the better stability of the flocs, 
higher dilution rates can be used, thereby increasing the 
productivity; (b) keeping 0.7 h -1 as the dilution rate, 
the treated malate-depleted must could be blended with 
untreated must, thereby reducing the ° total amount of 
must to be processed. 
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